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TAKE the liberty of laying before your Lord- 
ſhip the following paper, containing a variety 
of facts and experiments, which I have endeavoured - 


to apply to ſome Optical 73 16m 


_ Beſides the tiginally contrived and 
made by myſelf, I — 
which I bre quoted from 


Sir Iſaac Newton in his O Optics, has ſhewn hy 
— — ns, e ſeveral differences 
colours, exhibited by tranſparent plates, are 
occaſioned by their Grail thickneſſes; and that 
therefore the tranſparent parts of bodies do, a- 
cording to their different ſizes, reſlect rays of one 
— — N and conſe- 
tly that the bign component parti 
1 — bodies may be conjectured from 
their colours; ſince the particles 
moſt : probably cxtibit the ſuns colour us « plac 


theſe. bodies - - - 


of equal thickneſs, n they have the ſame 
denſity. He concl this whole doctrine in theſe 


words :. I have hitherto explained the powers of 
« bodies to reflect and refract, and ſhewed that 
«thin tranſparent plates, fibres; and 
« according to their ſeveral thickneſſes and denſities, 
reflect ſeveral ſorts of rays, and thereby appear 
of ſeveral colours; and by conſequence, that no- 
« thing more is requiſite, for producing all the 
« colours of natural bodies, than the ſegetal fe 
« and denfities of their tranſparent particles.” 
Though he has accurately ſhewn what colours 
ariſe from the ſeveral changes of thickneſs, I do not 
find that any one has attempted to explain in what 
manner the differences of denſty, in the component 
particles of bodies, contribute to the ſeve- 
ral differences of colours : and therefore I thought, 
that if inſtances could be produced of bodies whoſe 
ſeveral differences of colour appear to be propor- 
Moned to their ſeveral degrees ren 
tend to illuſtrate. #his part of 
Io this purpoſe, however, are conducive all thoſe 
nts" and obſervations, from which Sir 
Iſuac Newton has inferred that bodies have their 
raBrot and refletrve powers nearly onal 
heir denſities ; and that the Jeaſft refrangible rays. 
require the greateft power to reflect them: which 
ig deducible from hence, 1. that the red rays are 
reflected at the gree/eft ity of inciderice, and 
- the vieler at the let, 2. that the violet is reflected, 
in like circumſtances, at the {aft thickneſs of any 
thin plate or bubble, the red at the greareff thick- 


. and the intermediate colours at intermediate 
thickneſſes. 


parent bodics and the colours exhibited by them; 
| but they are equally applicable to permanently 
coloured bodies: and it appears from them, that 


denfer (abltances ought, by their greater r 
power, in like circumſtances, to reflect the Yefs re- 


frangible rays, and that ſubſtances of leſs deni 
ſhould reflec rays proportionably more refranybve, 
and thereby appear of ſeveral colours in the order 
of their denſity, 

In confirmation of this reaſoning, I hall give 
inſtances of natural bodies, which differ from each 
other in denfity, though circumſtanced ali in 
other reſpects; and hall ſhew that they differ in 
colour, in the ſame order they do in 4, the 
denſeſt being red, — denfity orange, 
yellow, &c, . 

In ſuch an inquiry metallic bodies ſeem to de- 
ſerve our fitſt and principal attention, as their 
cific gravities have been aſcertained by well 
own and repeated experiments. Without enter- 
ing into a minute chemical theory of the princi- 
ples of metals, it is ſufficient to obſerve that they 
are univerſally allowed to conſiſt of 1, an inflams 
mable or ſulphureous matter, which is of the ſame 
kind in all the metals; 2. of a fixed matter or 
calx, which * on in each of the metals to be 


' ſpecifically different = OR well as in other 
B 2 As 


141. 

As the ſulphureous matter, in the intire metals, 
acts ſtrongly on the rays of light, it is neceſſary to 
calcine, or to divide them into extremely minute 
icles, in order to examine ſeparately the action 


of the calx, or fixed matter, on the rays of light. 
In order to examine all the metals in like cir- 
cumſtances, reducing them into the ſmalleſt 
particles, and depriving them of their ſulphur as far 
as was practicable, I expoſed each of them, united 
"with. a — voor quantity of the yn glaſs, without 
| tonal ingredient, to the greateſt degree of 
| fre they are . of bearing, without having all 
colour whatever deſtroyed. ohh l 
In this ſtate it a a variety of experi- 
ments and facts, chat they actually E Tien any 
tion, exhibit colours in the onder of their 
ties, as follows, 


Gold Red. 
Lead Orange. 
Silver Vell ow. 
= Copper — — Green. 
445 Iron —— — Blue. 


cor p. 


133 


o 
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[ .G OLD, whict- is the enliſt er al the metal, 
os agony gar to glaſe, whietiever it is divided 
to particles — that it can be intimatel ay 
— with the ingredients of which the glaſs is: 
made; and it ſeems indifferent in what manner it 5 
reduced to this ſtate. Thus - 
1. From the powder” obtained by Wo 
8 a of lag 1. — uſed by the 
it, mixed with nitre, 
"IT — red glaſs is produced * 
2. hen a ſmall quantity of a ſolution of » 
aqua is evaporated on a g te, wi 
ham: that pear of the- ro it 
lay thinneſt, is tinged red, by the entrance of 
the particles of gold into it's ſurface [GI. 
3- Artificial rubies are made by mixing with glaſs, 


gold diſſolved in aqua regia, and afterwards cal- 
eined in the furnace (ﬀf- 


0] Sol ſine veſte, aps | 
nker, Conſpectus hem. tab. xxx111, de Auro, 1 852. 
Aurum detritum pumice, ſeu pulvis auri uo auri- 


ſabri ſua opera poliunt et abradunt, commiſtus, , Gold- l i 
cum ana nitrj, boracis, et cinerum clavelfatorum liquido funda- 
tur, priebet vitrum, inſtar optimi opificum encauſtici, rubro colore- 


lluciqum, ſobfidentibus paucis auri granulis ; teſtante autore 
is ſine veſte. 


Shaw on. Boerhaave's Chem. vol. i. p. 79; Gold ground with 
pumice, and afterwards ' fuſed-with At parts of ee Mg 


and aſhes, affords a fihe tranſparent red 
F Philo: Tranſ. Ne. 286. * | 

12 un of Glaſs, chip. 129% | 
Gold with aqua regia many times, po e water, 
Waka. wen - put this. powder of Gold in: 
4 


160 


4. Kunkel prepared a powder for the ſame purpoſe, 
by precipitating t 1 from the ſolution by 


an alkaline 2 v. 
0 by tin from aqui regia, and 
* "roper ptoportion tinges 


ruby colour: this method 
12 Caſlius {4} and facther ims 
Fr by Kunkel 
ſame — 16 9 by fuſing gold 
* >; rg of tin, and two thirds 
—— _— wy 

wee tin by nation, an to g 
proves: of gold obtained from theſe pro- 


Sl ond hold: eqovent and digeſted 
am 
7- 2 be reduced 


with it for a conſiderable time, 
gs ok 


— 


to a ſubtile poder by g 
"this e glaſs, 
PEO ++ 1 Aline in the till ic 1 . 3 

r n this powder, added 

in ſufficient quantity, and by little and little, to fine-cryfial glaſs, 

which bas been dr bapenence fund, 

15 f L.85. «6 ; 


| of 6. 
1 "I 
f] Junker Conſp. © hen ab. XXXIII. de Auro, p. 861, 


** 182 e vol. i. p. 78. 


15 Shaw's Abridgement of 3 vol. i. p. 439 
An induſtrious perſon, = Fre Gold with a parti- 


* 
_ 


and I — ter wich 6 ht, _— It was . 
c fine and ghetious rid, bardly to be marched 89 


* 


8. Gold leaf melted into the firfice of glu, by the 
electric force, I; red colour to it: this- 
was firſt obſerved 6: Franklyn, and has 


* Neu qſten repeated 75 21 ALA 44 44 


Y ” "There ate mapy other ways of 'orgrquiica 

this cofour 70 glaſt Yy Gold! ; and 1 find no me 
which it can be made to produce any other 

1 If it be mixed in larger maſſes, without 


. minutely. divided, it 1 ond no AN 


put remains in its 
e attributes this coll to he manga- 
neſe, uſed in making ſome forts bes the colour 
"of which he om revivified b nitre uſed in 
| the . of the gold: there- 
*fore ention, that I have bros gala 
"to  feveral* jon hg in the e of which 
there was no atanganeſe, and n 
Prep arationof ch there Was Ke 1 22 
a 


veral reparations of 
dey 
De ane 


to the frift'br materials © 
a ſmall degree of heat; thou 
e alack 7-13 000.1978 2 Quanticy, 10 regain: 

ith the glaſs, when expoſed 40:2 degree 


. ſufficient to itrify them perfectly... 
| Va fon Lap e nete, * 
wo" f 
* a7 2 _ 14 4 Cf Pon rue anus 
| Ine E157 bets 7 ud fa | 5/97 I lis »m 
* cen! tert. 
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1. 
1 "LEAD. 


LEAD, | which is the lis Al 45 
next in order to that of gold, affords a glaſs o 
colour of the Hyacinth, a gem whole di inguiſhin 
character is, that it is red with an admixture 
yellow, the ſame colpur ch. by wp in optics 
is called orange. 

1. Lead, kept in ' Fakon for a confiderable time, in 
—— ſtrong | crucible and a very violent heat, is re- 

© duced to a glaſs of the colour of that 11 

2. Lead reduced to litharge, and ee 

third or fourth 1 it's weight of and. in a 
Wa covered crucible, in a ſtrong fire for two or 

three Ws unites with the ſand i into an orange- 

. 7 % like the former U 

Glaſs of is mentioned ſeveral authors, 
5 I 4 a . compoſition proper, without the addi- 
tion 2 other Wen, for imitating the 


 Hhacinch [m}., * > 
e Simian, hp. 1 Henckel ds nen 


* Farkas Coates. Chem. tab. xix. . 4% 14624 
1 rii partes tres, arenæ nitidæ partem unam ; 

miſta imponantur forti-tigillo z. per 3 circiter bor: tenuiffime 
fandantur, quo facto maſſam fluentem in calidum mortarium 


— et habebis vitrum pellucidum, Hyacinthini ferme coloris. 


Shaw's Lectures, p- 
— 1 d is the foundation of imitat- 


_- 


ON 

wb fm pg of Le. Bp 
L ; s: To 

| Yoga pc yu wth i, *. SILVER. 
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SILVER. 


YELLOW is the only colour which Alber, 
CE hw nar can by any prepa- 
ration be made to im 
1. Without inſiſting upon i. ſome chymiſts 

affirm, that „ver, on being calcined and ex- 
poſed to a violent fire for a long time, was partly 


reduced to a ye/low glaſs In]. 
goof do by moiſtening the 


2. I joe afien given Her hes, 
ſurface of the glaſt with a ſolution of Silver, and 
_ -- » afterwards making it red hot. 
3. If Silver be calcined with ſulphur, it Pour 
- communicates a yel/ow colour to glaſs 1 
a very Hyacinth, nd net nels Bfficting item * 
liad into earthen pots that are very hard, in a glaſs furnace, and 
there let it ſtand ſome days, and thus S 
NN 
ichols's Eliftory of precious Rones, parti. chap. 7. of the 


Hyacinth. | * 

The Hyacinth is a ſtone (as ſaith Boetius and Rulandus) 
which is red with a certain —— eſcit in auro ; that is, 
os $43 nn Im adulterate it ind of glaſs 
N 0 . 

Boetii et hiſtoria, 1. li, ©. 31 


2 
of bf 


F 
facile diſtinguitur; mollius enim et gravius vers gemm. 


. [n] Merret's Notes on Neri, chap. 82. [Claveus fave Silver 
calcined e montha in a glaſs furnace; the; twelfth part of 
d Shaw's Ai glaſs. 5 
N Abridg. x. of Boyle, vol. i. p. 4.58. - To ſhow more” 
e ho that glaſs we took ſilver 
rn guts 


it is from Silver the ſineſt 


[10] 

4. Having carefully purified an ounce of Silver, 
J kept it in fuſion ſome hours, with a ſmall 
quantity of glaſt, and found; that the glaſs, 
when — had formed a beautiful yellow enamel 
on the ſurface of the ber. 


5. Leaf filver laid on red hot glaſs tinges it yell. 


When we meet with authors, who mention a 
blue or greeniſh colour communicated by filver, 
the cauſe muſt have been, that the filver uſed in 
fuch proceſſes was mixed with copper, as it gene- 
rally is, when it is not carefully purified [p]. 
have always found, that luer by the 1 
retained ſo much copper, that, when melted ſeveral 
times with nitre and borax, it imparted a green 
tinge at the firſt and ſecond melting, though after- 
wards no ſuch colour was obtainable from it. 


quick coals to neal a while ; we it ſuch a heat as mighe 
make and keep it red bot, without Atlan ; und chen ſuffering it 
to cool b eee rye cs gages e 
and almoſt golden colour. 

Shaw's Abridg. of Boyle, vol. ii. p. 98. I learned from eat of 
the chief artificers in painted glaſs, that thoſe of his trade colour 


it with a preparation of a cale of Silver, 
unkel's Art of glaſs, part ii. art. 49. Ex dens that 
yellow is obtained, — N 


16. A little Silver tinges white glaſs yell. 
2 A 9999 A third 
particles 5 that 

ang bali and melted with glaſs, they tinge the glaſs with 

— 29 — Thus the «ay of fer cinge the glaſs 
on which it is annealed with a lovely yellow or gold colour. 

Do] Merret's Notes on Neri, c. 90. 2 , ConſpeR. Chem. 
os aint "IR 901. Shaw's. rg; of Boyle, vol. tis 
P- 


2 0 5% = . 


[=] 
COPPER. 


GREEN is the only colour which * | 
the metal next to ſilver in den 


Airy, communicates to 
glaſi, when melted with it in a ſufficient heat, 
without any additional ingredient: Thus : 
1. rindin al glaſs in a x mortar, an 
JS — — gl 72 

2. Copper calcined por dg 
3. Copper calcined with ſulphur (/ 2 and 
4. Scales beaten off from red 


_—_ equally impart « Frons cob 


It is + indifferent in what manner the copper is 
prepared, in order to tinge the glaſs green, — 
vided it be expoſed, without any other ingredient, to 
a ſufficient degree of heat [5]. I have — 
duced a fine green from copper filings unprepar 


' [9] Shaw's' Abridg. Boyle, vol. li. p. 98. Though copper cal- 
cined per ſe affords but a png. og or 
glaſs-men _ their 4, green therewith. 


Neri, chap. fort of pureft glaſs will be tinged into 
all 8 you debe: for example, into an emerald with braſs 


thrice ealcined, as is done for ordinary laſs: into 2 ſea fas 
with brafs ealcined to redneſs. * 


l] Junker, Conſp. Chem. tab. x1x. p. 433. Beryllus ma- 
rinte viriditatis per cuprum cum ſulphure calcinatum. 
le KunkeP's Notes on Neri, chap. 32. Though with offer 
alone one may produce green, it is nevertheleſs crocus martis 
ferently prepared that makes a variety in it. I have not found 
that the different manners of preparing copper have * 
different colours. I have experienced that al cinin 
ſe, without any addition, I could produce 0 6 Sete Har 


vuthor reaches us to hing abour by item preparations of tha 


41041 C 2 If 


112 

If a quantity of alte be added in the prepara- 
tion, they will, by attenuating the mixture, and 
conſequently /eſſening its ſpecific gravity, make the 
laſs incline to blue, the colour next in order [?]; 
fat this happens only when the fire is moderate ; for 
in a greater degree of heat, the redundant falts, even 
thoſe of the moſt fixed nature, are expelled 9 | 
It is true, that copper is mentioned me 
writers, as an ingredient in red glaſs and enamel : 
but the red, which is the colour. of the metal not 
diſſolved or mixed with the glaſs, remains only 
while the compoſition is expoſed to ſuch a degree 
of heat as is too ſmall t melt and incorporate it; 
for, if it be ſuffered to remain in the furnace @ few 
minutes after the copper is added, the maſs will 
turn out green inſtead of red [ww] : in effect, the pre- 
paration of copper recommended on this occaſion, 
is exactly the ſame as that uſed in tinging g/ 
green. 3 DG 18 2 
D.] Flora Saturnizans, chap. xi. art, 6, When a green 

, Colour is to be given to glaſs, care muſt be taken not to uſe too 
much ſalt in the compoſition of the glaſs ; otherwiſe the- colour 
will be bluciſh, and bordering on the colour of the aigue marine. 
Neri, chap. 32. An emerald. colour in glaſs. | 
In making green you muſt obſerve that the metal have not 
much ſalt ; with metal that hath much ſalt, as cryſtal and rochetta 


have, you cannot make a fair green, but only a ſea green; for 
the ſalt conſumes the green, always inclines the colour to a 


blue; wherefore, when you would a fair green, put common 


Shaw's Lectures, p. 29. Copper precipitated with common 

ſalt out of aqua forts gives the torquois colour to white glaſs, 

when melted therewith. x 

(u] Kunkel's Remarks on Merret's Notes, p. 299. | 
w] Neri, chap. 127. This chapter deſcribes the method of 
ing red glaſs, in the compoſition of which copper is uſed ; and 


IRON 


= 


[ 13 


IRON. 


IRON, being of all metals the moſt imperfect, 
is ſubject by various means, to be calcined or re- 
duced to a ruddy crocus, ſimilar to the ruſt that 
ariſes from it's being corroded by the acid in the 
air. In this ſtate, it requires a conſiderable degree 
of heat to diſſolve and incorporate it with glaſs: 
till that heat is applied, it retains it's ruddy colour ; 
by increaſing the heat, it paſſes through the inter- 
mediate colours, till it arrives at it's permanent one, 
which is 4/ue-: this being effected in the ſame de- 
gree of heat in which we have examined the other 
metals, that is, the greateſt that the glaſs will bear 
without long all colour whatever. 15 | 
The green, with which the glaſs uſed for bottles 
and chemical veſſels is tinged, is occaſioned by the 
iron contained in the vegetable aſhes and ſand, of 
which that glaſs is compoſed. Wher the pots, in 
which the matter has been kept in fuſion, are 


Kunkel makes the following remark. on it: This compoſition 
« is very difficult to make; it is neceſlary to ſeize the moment 
sat which the matter is well tinged red, to take it immediately 
© from the fire; for half a quarter of an hour too much is ſuffi- 
« cient to change it's colour.” In the next chapter, ſpeaking of a 
red enamel, into the compoſition of which copper enters among 
other ingredients, Kunkel makes this remark : This compo- 
s ſition is very fine, and leſs troubleſome than the preceding one: 
„but, after having added the copper, the matter muſt not be left 
« on the fire: if this is not attended to, it becomes green, and the 
„ed colour that it had taken at firſt does not laſt,” © 
Gellert, Chem. Metallur. problem 97. Copper gives a blood. - 
red to glaſs; but if it is left too long on the fire, it becomes green. 
nearly 


—"Y g 
Iz 
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-nearly emptied, the glaſs remaining at the bottom | 


is always blue; this is cauſed by it's continuing 
longeſt expoſed to the fire, and in ſo ſmall a quan- 


tity that the fire has a greater effect on it. The 


whole * acquires the ſame color, if too much 
ſand be added in proportion to the aſhes; for, in 


that caſe, the materials being more difficult of 


| fuſion, the workmen are obliged to apply a grnader 


heat, and to continue it longer, 

It is known, from the experiments of Lemery 
and others, that the vegetable aſhes contain iron [x]. 
To examine whether that metal be alſo contained 
in the ſand uſed in making this glaſs, and how far 
4 —— — —— 

ing experiments: 

Exp. 1. Having red ſome of the ſand uſed 
in making green glaſs, I melted two of it 
with one part of borax, and one part of nitre, and 
found that it produced a glaſs fimilar in colour to 
that which is made with the ſame ſand fluxed with 
pot aſhes. From hence it appears, that the colour- 
ing matter was contained in the ſand. 

2. I mixed three parts of this ſand with 
one be, powder'd charcoal, and 2 it for ſome 


[x] Becher, Phyſ. Subterran. p. 67. 
æc prima terra (vegetabilis) — mineralibus vitris, quæ ex 
arena et ſilicibus parantur, conveniens eſt, ut nulla re, niſi colore, 
inde diſcerni queat, qui viridis eſt, vel ſubceruleus, indelebilem 
regni ſui aſteriſcum ſervans, . vegetabilem viriditatem ex- 
imens. 
Flora Sat. cap. 8. Note 
As that blue or green colour is owing to the iron which i is 
found in the aſhes of all vegetables, it muſt not be looked on as 
a mark capable of characteriſing a vegetable earth. 


hours 


© 53 
hours to a red heat. When this mixture was cold. 
I ſeparated from it, by a magnet, ſmall grains of 
and, weighing about one twentieth part of the 

Exp. g. I melted ſand thus deprivel of it iron, 
with half its weight of borax and the fame quan- 
tity of nitre, and found that it * a PR 
fectly colourleſs and tranſparent glaſs | 

Exp. 4. To two of the white ſand uſed in 
making -cryſtal glaſs, and one of borax and nitre, 
I added a twentieth in weight, of the grains -- 
of tron, which I had extracted from the fand by 
Exp. 2. and having vitrified this compoſition, I 
found that it was become exactly fimilar in colour, - 
to that commonly uſed in making green glaſs. 

Exp. 12 I expoſed ſeveral pieces of green bottle 
glaſs made at different glaſs-houſes, under a muffle, 
to a ſtrong fire, for . ſpace of half an hour, and 
found that they were all become blue: 

If the crocus of iron is added in too great a pro- 
portion, it continues to adhere together, and re- 
mains unmixed, or at leaſt imperfectly mixed, with 
the glaſs, retaining for that reaſon the colour 
natural to it when undiſſolved; or if it be in a 
ſmaller quantity, though yet in too great a pro- 
portion to be diſſolved, it will make ſome inter- 
mediate colour between the ruddy and the blue, 
which laſt it always imparts, when in a ſufficient 
degree of fire and a proper 8 The ne- 
ceflity of a due proportion of 2 to the glaſ has 
been already . in hich if in too 
large a proportion to be en by the glaſs, i yo 
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2 a red colour to it, runs together 
in it's metallic form. | 
Henckel has given us a method of making a 
_— blue glaſs by this means. It conſiſts 
merely in mixing iron with the matter of which 
the pureſt glaſs is compoſed, and expoſing it to a 
violent fire, Gellert obſerved alſo, that iron imparts 
to giaſt this colour [y]. Mr. Lehman obtained 
the ſame colour from — which is a „ of 
iron ore, or ferruginous ſtone, by mixing it with a 
vitrifiable earth; which colour * | — 4 tes to the 
iron contained in it [z]. Neri mentions a fty colour 


2 Henckel, Deſert. 6, On a blue obtained from iron. 

© I coloured glaſs with iron, and gave it a very fine blue. I had 
calcined, in a pot, fileings of Styrian feel, which I kept about a 
quarter of an hour in the fire, without ſtirring them, till they had 
taken a purple colour, bordering on violet ; I mixed about half 
a grain, which I had ground well in a glaſs mortar, with fifteen 
grains of very white flint and a very fine alkali ; I put the whole 
into a crucible, covered it with care, and expoſed it to the m 
violent fire. The furnace being cooled, I found @ glaſ of the 
colour of a ſapphire; it was impoſſible to ſee a finer blue, cither for 
colour or tranſparence. _ TE | 
Gellert. Chem. Metallurg. vol. ii. prob, 97. Cobalt calcined 
gives to glaſs a very fine blue; but if too much cobalt, for exam- 
ple'an eighth part, is uſed, the glaſs will become black. The 
calx of iron produces the ſame effeft ; and ſometimes it happens 
that one fide of a thin piece of glaſs is of the colour of rufl, while 
the other fide is blue, So fa Bath" 

z] Lehman, Treatiſe on the formation of metals, p. 37, 
- As to the carth of cobalt, or biſmuth, which is the half of the 
blue colour, Henckel conſidered it as a martial earth in his Opuſc. 
miner. p. 573- Some experiments which I have made render 
that opinion very probable. I have obtained a. very fine blue 
cllour from a ferruginous Spaniſh emery : having once pulveriſed | 
half a pound thereof and mixed it with an equal part bf black 
Alex, I melted this mixture in a well-covered crucible in a pretty 
imparted 


[7 ] 

imparted to glaſs by Bohemian granates, which he 
conſtantly bene at a manufactory in Flan- 
ders [2]. - It is well known, that ron is the metal 
contained in thoſe ſtones ; that they obey the load- 
ſtone [5]; and that, being calcined with a p 
cheat, they yield a conſiderable quantity of iron [ ) 

l expoſed in a crucible to a glaſs-houſe fire, for the 
ſpace of thirty hours, part of a flint glaſs retort, 
in which a native green vitrial of iron had been 
diſtilled, and which had been corroded and tinged 
by it: by this means it became coloured of a four 


violent fire: when the matter was melted, I flung in an inflam- 
mable ſubſtance: when that had intirely ceaſed burning, I emptied 
the crucible, and obtained a maſs of a mot beautiful ſapphirine 
blue; but which, as one may imagine, ſoon attracted the moiſture 
of the air: I repeated the experiment again without putting 
black flux, and the colour became ftill finer; but it was remark- 
ably beautiful when the mixture was melted with a vitrifiable 
earth, I can attribute this colour only to the parts of iron con- 
tained in the emery. ICONS 
; La] Neri, chap. 90. A curious perſon and practical chemiſt 
may extract a wonderful red from gold, from ſilyer a ſy; colour, 
tal a much fairer from grandtes of Bohemia, which are low 
riced ; for, being ſmall, you may draw a tinCture from them, as 
1 le of gems, Shaw's Abridg. vol. l. Suſpatiing, 
b] of , Shaw's Abridg. vol. iii. p. 107, 
Pl baar Ne I contain, beſides 2 - 
line ſubſtances, many corpuſcles of a ferruginous nature, I made 
choice of ſome ſmall ones, which, by their — and almoſt, dark 
colout, I gueſſed to participate y of zron or Harl, and applied 
them to a vigorous loadſtone, which, as I expected, took them 
up: and hereto they conſtantly adhered till they were forcibly 
ſeparated therefrom—ibid. vol. iii. p. 120. A chalybeate tinQture 
obtained from granates. 
le] Junker, tab. x. p. 273. Multi granati minus pellucent ; 
atque ex his vulgares præduri, atque alioquin igne indomiti, per 


ignem ſolarem 23 vitris cauſticis coll denique in 


— 


b — 4 is to that of gold as 75645 to 19, 
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tran blue; not diſtinguiſhable from that which 
cobalt imparts to glaſs. 
"+ Ong per ſe is converted into a blue 
8 

In ſhort, it is indubitable that iron is the only 
metal, which will, without any addition, impart-to 
the matter of glaſs 4 blue colour; for copper will not 
communicate that colour, without tbe addition of 
a confiderable quantity of /a/ts, or ſome other mat- 
ter that attenuates it; and the other metals cannot 
by any means be made to produce it at all, 


- Having: ſhewn that the metals exhibit colours, 
invariably in the order of their denfities, when 
melted with g/a/s in a proper 4 fle ie without 
any other ingredient, and expoſed to a ſufficient heat : 
I ſhall proceed to ſhew 7 dhe FC, preparations 
of the metals, viz.. their ſolutions, precipitates, 
| cryſtals, &c. do for the moſt part erbibit the ſame 
colours, in the order of their denſities, though not ſo 
invariably as their glaſſes ; ſome ſmall variation of 
colour happening in the, more imperfect metals. 
probably from a change of W in n heir different 


4 


- [4], Lewix's Courſe of hem p; p49 The ec 


40. This met * 


— of fr wh, ad when it throws out ſparkles, loſes 
. 


of its W and Sa conyer d into a dart 


GOLD 
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"COLD... 


GOLD precipitated from aqua / regia, and 
waſhed with water or boiled in a ſolution of 
alcaline ſalt, becomes red on being expoſed to a 
ſlight heat. Lewis, Hiſtory of gold, p. 108. 

2. The ſame colaur is produced when this precipi- 
tate of gold is ground with oil of vitriol, or ſpirit 

of ſulphur; or if it be mixed with ſulphur, and 
. burnt away. Junker, tab. xxx111. 
p- 359. as" 

3. 1 ſpirit of Libavius, mixed with 
gold and afterwards drawn off from it by diſtil · 
N TIE changes it's colour to 4 rad. — 

Sol 1 veſte, exp. 19. Junker, tab. XXIII. 
uhh Gold is reduced into @ red powder, by amalga- 


mation with mercury, and expoſing it for a 


' conſiderable time to a flow heat.—Boyle's 
Abridg. vol. ii. p. 77. Junker, tab. XXXIX. 


Fs f ſix parts of antimony are fuſed with one of 
gold, and the antimony driven off by the blaſt, 
a red powder of gold is left behind. Caſſius de 
Auro, cap. 10. | | 

1f gold leaf be cemented and ground with decre- 
pitated falt, hartſhorn, pumice, or chalk, and 
expoſed to a proper heat, the metal becomes red, - 
and may be precipitated from à folution of 
thoſe ſubſtances in a red powder. Junker, tab. 
XXX111. p. 854. Lewis's Hiſt gold, p. 74+ 
Sol fine veſte, cap. 6. ade. * 
Da 7. A red 


5 
1 
6. 
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7. A red tincture may be prepared from gold by 
ſeveral methods mentioned by Libavius, Alchem. 
lib. it. p. 130. Junker, tab. xxx111, p. 868. 
9. A ſolution of gold in aqua regia prepared from 
ſal ammoniac may be ſublimed of a blood red 
colour. The ſame is effected by diſſolving the 
calx, or crocus of gold, in other menſtrua. 
Lewis's Hiſtory of gold, p. 100. Junker, tab. 
| _ p. 787 Xo 27H 
A ſolution of gold in aqua regia, evaporated ' 
: perly, affords cryſtals of a 5right — ot 
Caſſius de Auro, p. 109. Junker, tab. xxx111. 
p-. 862. 868. Lewis's Hiſtory of gold, p. 99 
2 Fe moiſtened with water, has 
been found to tin ms deeply of a fine red. 
Phil. Tranſ. No. * 15 YT. 
11. A ſolution of gold tinges ivory, cotton, the 
-* ſkin, and other ſubſtances red. + 


10, 


Rubies being frequently found in gold mines, it is 
very probable that they receive their colour from 
that metal; and from this circumſtance, before the 
experiment had been made, Libavias rightly con- 
jectured that a ſolution of gold would communicate 
a ruby colour to glaſs, Libavii Alch. p. 88. 

It does not appear that, excepting the colour 
natural to gold in its intire ſtate, any other than 
red can be obtained from preparations of this metal: 
it is from this colour, which gold aſſumes when- 
ever its metallic brightneſs is deſtroyed, that 
writers in chemiſtry call it leo uber e]. 55 
- Libavius de natura metallorum, lib. i. cap. 4. de auro. 
In ſup manifeſto citi inum eſt, in occulto ſutnmam 8 


L E A D: 


THE only coloured preparation of lead, is that 
produced by calcination in the furnace. The firſt 
of the primary colours produced by this proceſs is 
yellow, the calx paſſing from that colour through 
orange into red. | 1 ey 

It is remarkable, that, though in the calcination 
previous to the reverberatory heat in which theſe 
colours are produced, the lead is dimmiſhed in 
weight ; yet in the reverberatory fire it gams con- 
fiderably, and in proportion to that increaſe of 
gravity, it paſſes from the more refrangible to the 
leſs refrangible colours ; ſo that while the calx re- 
mains of a /eſ5 weight than that of the lead originally, 
it's colour is yellow; with the next increaſe of 
weight it paſſes to orange, which is the colour of 


dinem ; unde et non tantum tinftum ipſum eff, ſed et tincturam 
rubedinis confert abundantem. + | 
Dum citrinum dicitur, externus vultus qualis eſt poſt excocti - 
onem reſpicitur : illa tamen citrinitas igne cæmenti et in opere 
philoſophico ſumma rubedine permutatur. Itaque hinc eſt philo- 
fophorum axioma, quod in citrinitate lateat rubedo excellentiſſima, 
qualis eſt rubedini gemmæ. | 
Voces occultum, manifeſtum, non ita pueriliter ſunt accipiendæ, 
quaſi in ſuperficie fit flavum, in centro ruirum- ſed progreſſiones 
colorum in perfectione artiſiciali notantur, quod naturali pro- 
clivitate et diſpoſitione poſt citrinitatem abolitam, aſſumat 
rubedinem. * e 
Leo ruber non ſolet vocari, ante quam ab arte eleboratum, et 
aſtrale, ut ajunt, ſactum. Potentia tamen etiam ſimplex et natu- 
rale aurum ita vocare non eſt abſurdum, cujus tin&ura appella- 
tur ejus ſanguis, quo vocabulo et fermentum rubeum denotatur. 


glaſs 


* 


Er 
glaſs of lead; and when the calx is increaſed more 
in weight, ſo that it's gravity is become greater 
than that of the lead originally, it paſſes into red, 
the next colour in order. 

. Theſe three colours ſucceeding each other in 
proportion as the gravity of the metal increaſes, 
ſeem to prove that, in this caſe, the greater denſity 
produces the % refrangible colours: and as orange 
is the colour of this calx, when in a middle degree 
of weight, between that which is lighter and that 
which is heavier than the original metal, it appears 
that orange is the colour natural to lead when it's 
weight is neither much increaſed nor diminiſhed. 


SILVER. 
THE only preparation of filver, which is of 
any primary colour (except the yellow it im- 
parts to glaſs, and other -vitreous ſubſtances, as 
earths or ſalts) is luna cornea, which Mr. Boyle 
fays is of a fair yellow, Shaw's Boyle, vol. i. p. 25 
Phyſical Eſſays, Edinburgh, 1754, vol. i. p.310 57 


. [F] Art. 10. Remarks on chemical ſolutions and precipita- 
tions, by A. Plummet, M. D, 

When either a muria of ſea falt, a ſolution of ſalt ammoniac, 
or ſpirit of ſea ſalt (for theſe three have nearly the ſame effects) 
is put into a ſolution of ſilver ; it becomes milky, and, as it were, 

udted, and at length a white powder ſubſides to the bottom: 
this powder, being waſhed with warm water and dried, is ſoft and 
unpalpable ; it's weight exceeds that of the filver diſſolved by 

-COPPER 
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COPPER and IRON. 
IT a then that all the ions of 
= lead, and Aluer, invariably retain the colours 


to the order of their denfittes, and that they 
are the /ame with thoſe which they communicate to 


+, two moſt imperfe&t metals, copper and 
iron, being very cafily acted on by almoſt all men- 
ſtrua, the colours of Heir ſolutions, &c: viz. 
and blue, are apt to change into each other's order; 
the copper in ſome ſolvents becoming blue and the 
— reen, and in other ſolvents vice verſa 3 this 

robably depending on * increaſe or diminution 
of their denſities.” 

The ſolutions of copper, in the acids of ene 
ſea ſalt, and in the vegetable acids, are green. But 
if copper be attenuated, by ſolution in volatile 
alcalies, it becomes blue. T and others 
have obſerved, that emeralds are e 40 Wund! _ 
copper mines; and it is — 1 thity 
their tinge from that metal, - 

I melted ſome emeralds with twice their weight 
of falts, and found that they had formed a fine 
green glaſs, ſuch as would have been produced from 
the ſame quantity of a vitrifiable earth, and about 
a hundredth part of its weight of copper. 


more the one ſixth part. This powder comes much fooner to 
fuſion than filver, but does not recover the appearance or pro- 
perties of that metal; for it looks like a piece of yellawifh: glaſs, 
ſemiopaque and brittle, yet bending or yielding a little, whence 
it gets the name of luna cornea, 


RS: $0661 .6 Iron 
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Iron diſſolved by the vitriolic acid is green; but 
if further attenuated by a chemical proceſs, it pro- 
duces that beautiful colour called Priſſian blue. 
Phil. Tranſ. No. 38. Henckel Diſſert. 6. 

A ſimilar Sue may be obtained from the iron 
— in the aſhes of all plants. Henckel, 
Flor. ſat. chap. 8. parag. 55. 

Having expoſed a pound of wood aſhes in a luted 
crucible, to a pretty ſtrong fire, for thirty hours, 
the greateſt part of them became tinged blue by the 
iron contained in them. 

: A blue may be alſo extracted from a martial 
vitriol, by ſpirit of A 5 de appropria- 
tione, chap. 2. 1 

An inſtance o — ſubſtance changing it's 
colour from green to blue on it's ſpecific gravity 
being diminiſbed, a in a ſtone deſcribed by 
Dr. Grew in the Muſeum of the Royal Society: 
this gem is a kind of emerald, which, when expanded 
by heat, becomes glue, and remains of that colour 
till cod, in which en een wee eee 
colour, which is green. 


Tin is not capable of being lined, i or jmpart- 
ing any colour to glaſs; nor are any A 2c 


of it of any ne "m_ 
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MERCURY. 


2 


HERR is no 3 of an intermediate 
between gold and mercury; and it is — . 


zan of the difference between their ſpeci 
gravities, ene .of the ane and 


wa 22 * 
Mercury is able. o communicating. any 
ee WE ae ſo. volatile that it ill not 
the degree of | 70 . it 

the glals in uſion. 

But it is well known that it 8.caks,. either pre- 
Wy fy e * 
evaporating ho menſtruum, is red. 15 
2. A Heben of SS HOSP ral. 
| Kane | ot 1 1 + 2 
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be PLATING. 


— | 
wo chat gold, 1 neceſſary to examine Whe- 
_ _ colour of it's preparations correſpond with. 

gold. 2 1444 4 

On looking into à diſſertation written by Dt. 
:Lowizwon thet metal, in che PhiloC,” Franſ. F find 
that the pres and cryſlulr obtained from. 
Aſolutions f _ . and that a ſolution of. 
that metal in Hturation is of a 
dark red, though, COD Ailoed, yellow ;. in the lame. 
manner that- 7 a red liquor (as "Sir Iſaac Newton 
«obſerves in 2 conical Bleſs, loaks.95-a pale and, 


dic « dilute: 


T4 ] 
« dilute yellow, at the bottom, where it is thin; 
« and a little higher, where it is thicker, orange; 
«« where it is thicker ſtill, . it becomes red; and 
where it is thickeſt, the liquor is deepeſt and dark- 
« eft,” Newton's Opt. p. 160. | yo 


HAVING gone through theſe experiments and 
facts, which ſeem to ſhew that the metals invariably 
exhibit colours in the order of their denfities, when 
melted with glaſt, under the circumſtances above 
mentioned; and that the other preparations, of the 
fame metals, for the moſt part, aſſume the ſame 
colours; it ſeemed . probable that the cauſe, on 
which the colour of natural bodies depend, may 
ſometimes be conjectured from the chemical ana- 
lyſis of ſuch ſubſtances. This I have attempted 
with regard to the colour of plants. 

It is known from the experiments of Lemery 
and others, that all earth is impregnated with iron; 
that the ferruginous matter is received into the 
roots of plants in their th, and makes part 
of their ſubſtance, and is univerſally diſſeminated 
through them; and that iran may be {eparated by 
a magnet from the aſhes. of all;vegetables [g. 

It has been already obſerved, that the grern 
colour of the g/a/s uſed in making bottles, is cauſed 
by the iran contained in the materials of which it 
is made; and I bave cited Becher's opinion, that 
the green or blue colour in glaſs is an indelible 

mark of it's vegetable origin. ul (25x: 2508 


hg) mers Mom: e FAculom. aun 170k u. . 
„ Memoirs of ihe Acad. 8 and Stockholm, of the earth 
Aaken ( e 
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2 obſervation of the conſtaney of that colour 
laſs. made of vegetable aſhes,” and it's being 
ed by iron, led me to conjecture, that the golour 

of the intire ve etables ariſes alſo from the iron, ſo 
uſed n their ſubſtance in 


their growth. 


commonly uſed. by 


Green is the colour which iron afumes confliuee- 
„when diſſolved by the acid in the air; that metal 
= diffolved beipg a true green vitriol of iron [5]: 
and as this ferruginous or vitriolic matter is-univer- 
fally diſſeminated through the leaves and branches 
of ts, thoſe parts of it which are at the ſurface 
by their contact with the air, aſſume the 
colour jar to its ſalt or vitriol. 

Moſt vegetables, when they in much a man 
ner as to be defended from he.conta(R'os end an 
are prevented from becoming | 

This happens to the roots of trees, and as mocks 
of their ſtem as is covered with earth: graſs grow 
ing under ſtones, or other bodies, that accidentally: 
lie on it, is white ; not having the leaſt green, but 
as the air has acceſs. to it: and it is a method”. 
gardeners, to cover with earth 
thoſe parts of — which they would preſerre 
white: by that means. hindering them from being. 
tinged green by nen of 3 parts: 


h]. Shaw's Notes to "Boerhaave. Chemiſtry, ok i. 

Ml: 1 eaſily diſſolved in ſalts, dew, air, &c. by the 828 
any of theſe 1 contracts a ruſt, which is nothing but the flowers 
of iron, or iron-diffolved; and forſaken by it's tillvene: for iron 
examined with a microſcope. when it firſt becomes ruſty, ſbews.: 
ids ſurface” covered with à number of pellucid witriolic Jamella,, 
or glebes, which, being aſterwwards atied by a nüt menſtruum's. 
W become a — * calx. 

E 2 expolcdi 


. 
ex poſed to it are: though: it appears from experi- 
ment that the preſende ——— 1 of at, is 
neceſſaty to the productiom of the colour of plimts: 
Beaſides the irun diſſolved at the /arfarr of planty 
by the air, that whictv is contained i the init of 
them, may be — in a ſtate of ſolutiom when it 
meets with a proper: quantity ef actd; and it is 
remarkable e Abe ind of moſt fruits and other 
parts of plants remain green nn longer tu Bey 
continue in an ard: ſtate. 

The quantity! of iron contained in plants win 
not appear: too fmalb to produce their edlour, when 
it is known that one grain of vitriol, of which only 
a ſmall part is ĩron, the reſt being acid and water, 
is able ſenſibly to communicate a grem colour- to 
ten thouſand: grains: of water; Bemery-mentions 
this great diviſibility af iron as an argurnent-of it's” 
being able to paſs into the ſmalleſt partsiof plants. 
Mem. Acad. anno 1706. 

A circumſtance. ngly confirms that the- 
colouring matter + and a r 
vit riolie ſubfiance, are of one andthe fame kind, is, 
that the vitrial off iron, which is green, 
through. the ſame coloure, white it's moiſture is 
cvaporating, which: vegetables de, when — rr 
ing they undergo! the) ſame' ſort” of change >= the” 
vitria deprived of it's water by calcination 

firſt yellow and then red [i; and Sir Ifaac 2 


1% Boerhazve's Chem. vol. ii. proceſs! 164. If. this: ſecoad-, 
> (that is, green — Ig beat) 
calcined in a crucible, in an — 8 
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13 obſerved that, when vegetables wither, fore 
« of them turn to a greeniſb — and others to 
« A more perfect yellow or orange, or perhaps to red, 
« paſſing firſt through the aforeſaid intermediate 
« colours: which changes ſeem to be effected by 
« the exhaling of the moiſture, which may leave 
« the tinging corpuſcles more denſe and ſomething 
% augmented by the accretion of the oily and earth 
40 — of that moiſture.” Newton s Optics, lib. iz. 


HF bis is the only paſſage in Newton; i in which he 
inſtances any permanent colour of a natural body as 
ariſing from a change of denfity : and though he 
has not any where at large delivered his opinion 
on this ſubject; it appears that, in this caſe, he 
confidered the 4% refrangible colours in withered 
vegetables as arifing from their mcreaſe of denſity; 
which is what 1 endeavoured in the beginning 
of this paper „ hen ONT 
trines. 


I am, 
My Lord, 


Your Lord(hip's 
moſt obedient 


Old Palace Yard, 
Jan. 17, 1 765. 


Edivard' Delaval, 
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